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Abstract

The objective of the survey is to evaluate within the field of structural fatigue behavior, various alternative
configurations of transverse plate floors in Panamax container ships. Analysis purpose could be within the
current regulatory framework, a possible contribution of recommendations in the development standards
for the design of this type of structures in one of the vessels with the greatest presence in the international
market. The recommendations and possible alternative designs are analyzed through numerical simulations
with “Ansys” software and real scale tests. The aim is to understand the fatigue behavior of these alternative
designs in the face of axial stress and bending scenarios. The development has been structured mainly in
two stages. First stage: once the permissible limits have been established by the regulatory framework, we
establish a set of alternative designs for the enveloping structure of the transverse plate floors which is made
up of the longitudinal, bottom, double bottom and side girders. Second stage: to establish a set of alternative
transverse plate floors corresponding to each of the enveloping structures generated in the previous stage
and proceed with the study of all these alternative designs. All the proposed alternatives, a large amount of
data and alternative sections has been obtained through numerical simulations with “Ansys” software. In
principle some of them show according with simulations interesting structural properties and better
behavior in fatigue scenarios with respect to the initial typical distribution.
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1 INTRODUCTION

Global trade and transport have developed exponential growth in recent decades generating an increase in
the number and size of container ships [refl] and [ref2].

Defined as a "Twenty-foot equivalent unit", the payload capacity of the container carrier fleet has been
increased [ref 3]. Within this increase various types of container ships have also increased according to
their different payload volumes [ref 4].

At present there is a possible classification of various types of container ships and their corresponding
equivalence between their TEU payload and their denomination (Panamax, Ultra Large Container
Vessel), with the Panamax class being one of the greatest presence as well as a conservative trend [ref 5].

As a result of the increase in the international market and consequently the increase in the number of
vessels that make up the container ship fleet worldwide, the number of studies and articles has also
increased.

That increase has not only occurred in the number of publications, but also in the diversity of their
content, covering a great variety of topics to be developed such as: design safety margin of a container
ship [ref 6], the competitiveness of alternative routes in the container ship trade [ref 7], strength of the
hull beam assembly [ref8], resistance combined with the effects of lateral pressure [ref9], study of design
recommendations under the action of fatigue [ref10], torsion study of the hull beam assembly of container
ships with large openings [refl 1], transport during the Covid-19 situation [ref12], solution for a retrofitted
in container ship [ref 13] among others.

With the aim of continuing this trend of container ships and being transverse plate floor a fundamental
part of the structural assembly of any ship, this study aims to obtain a set of sections and transverse plate
floors permissible by the regulatory framework of the classification societies of a Panamax type container
ship, as well as its response to the shear stress scenarios, bending moment scenarios and fatigue. In this
way, these configurations that have got better qualities could be shown as possible valid alternatives in
design process of container ship vessels.

With this objective of obtaining possible alternative designs, the development process [ ] of this
study is structured in a series of points.

First point is starting from a well-defined and correctly referenced container ship design. In this aspect, it
is necessary to locate project design and to obtain the necessary data from it. These elements are the main
structural elements such as main frame, sections formed by the union of the bottom, double bottom, side
girders, longitudinal and transverse plate floors specially, which is the main objective of the study.
Transverse plate floor could be defined as the structural element delimited by the section comprising of
bottom, double bottom, side girders, longitudinal and all of them constitute a significant part of the vessel
main frame.

Subsequently it is necessary to define regulatory framework that regulates set of permissible
modifications of these original structural elements. As a container ship, main sources of regulations are
“lacs” and classification societies such as “Lloyd's Register of shipping” standars. Within these rules,
main application are those that regulate design of main frames and the physical properties that they must
comply with. It is also necessary those that regulate design of plates and lightening, and especially those
regulations that define calculation of the efforts suffered in the main frames of container ships and their
subsequent design.

Next, once there is an initial point as a vessel, also its structural elements, values of the forces to which it
is subjected and the regulatory framework that regulates the values that these structural elements may
acquire, it is proceed with the study/design of possible alternatives to these initial structural elements.
Although the final objective of this study is transverse plate floors, a prior study is necessary of the
section that delimits it.
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Figure 1 Development process

Therefore at this point, the first study to be carried out is on the permissible alternatives of the section that
delimits transverse plate floors, the one made up of a bottom, double bottom, side girders and
longitudinal. Starting from the initial section of the selected vessel and applying regulations, alternative
designs of this type of section are established and each of them will subsequently generate alternative
designs of the original transverse plate floor.

Once the alternative designs of the sections that delimit transverse plate have been defined in accordance
with the regulations, possible alternative designs of the original one are generated using as well previous
indicated regulations. In total, 72 different alternative designs of the original transverse plate are
generated as a combination among others of number and positions of longitudinal, morphology of them,
cut outs and thicknesses.

Once these possible alternative designs of the original transverse plate floor have been established, virtual
models of each of them are generated and numerical simulations of finite elements are carried out using
the “Ansys” software, simulating scenarios of shear stress and bending moment as well as fatigue in each
one of these scenarios.

Finally it is proceed with analysis and comparison of obtained results from numerical simulations of the
alternative designs with respect to the original design. In this way try to achieve the initial objective of
this study as a search for possible transverse plate floor alternative designs that may present better
structural behavior compared to the original design.
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2 ORIGINAL CONTAINER SHIP SELECTION.

At this point the objective is to select and reference a design belonging to the type of vessel under study.
First of all to obtain a main frame dimension. From it to know positions of the main structural elements
such as longitudinal, side girders, bottom and double bottom. Subsequently each of these types of profiles
as well as the thicknesses of plates. Next, to obtain all the references of the transverse plate floor,
especially its thickness, number and type cut outs. Once this data is collected, the next point is to know
scenarios for which they are designed. In other words to know foreseeable efforts values that vessel will
have to face. In this way there are original dimensions and scenarios, on which to carry out study of
alternative designs.

2.1. Original main frame and transverse plate floor.
In this point main frame and transverse plate floor are referred.
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Figure 2 Panamax ship original main frame
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The original vessel is container ship Panamax 3100 TEU [ref14].

Original section and transverse plate floor are shown in [Figure 2]. Across [Figure 3] a visual reference
of a transverse plate floor it is shown.
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Figure 3 Original section and transverse plate floor

2.2. Original structure properties.
The objective of this point is to obtain numerical values of the stresses in the frames/sections of the
original selected vessel. These values are obtained from the reference document [ref14].

Bending moments and shear stresses in still water.
The maximum values of bending moments, shear stress and torsional forces according to the regulations
applied in the reference document:

Maximum positive bending moment: 1875864 KN*m
Maximum negative bending moment: -1154759 KN*m
Maximum positive shear stress: 35431 KN

Maximum negative shear stress: -31641 KN

Total bending moments and shear stresses
Maximum bending moments and shear stresses values which main frame is subjected in load conditions:

Maximum positive bending moment: 3650000 KN*m
Maximum negative bending moment: -3350000 KN*m
Maximum positive shear stress: 57500 KN

Maximum negative shear stress: -38500 KN

Inertia moments and section modulus in the original main frame.
The values collected from the reference document are:

Inertia moment: 188463 m*

Height reference axis: 7.888 m
Section modulus top side: 15028 m3
Section modulus low side: 23892 m3

Necessary section modulus top side: 14957 m3
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Stress status in the original main frame: bending moments.
Omax top side (+): 242 MPa

Omax low side (_): -223 MPa

Omax top side (+): 152 MPa

Omax tow side (—): -140 MPa

Main values are shown in [Table 1]

Barcelona, June 5-7, 2024

Max bending moment(+) | Z top side | Z low side o top side o low side
KN*m m3 m3 N/mm?2 N/mm?2
3650000 15028 23892 242,87 152,77

Max bending moment(-) | Z top side Z low side o top side o low side
KN*m m3 m3 N/mm?2 N/mm?2
-3350000 15028 23892 -222.91 -140,21

Table 1 Reference values of main frame

Stress status in the original main frame. shear stress.
Tmax center(+): 46 MPa

Tmaxcenter (—): —31 MPa

Main values are shown in [Table 2]

Max shear stress (+) T
MPa
57500 46
Max shear stress (-) T
MPa
-38500 -31

Selected Material & Properties.

Table 2.Reference values

According to the reference document, selected materials:

e Steel grade: AH - Rey.# = 355
e Steel grade: A - Ry,

N
mm

=235

In this way structural data of the original design have been obtained as well as data on the efforts that
these elements have to withstand, so this is the starting point from which to carry out studies of possible
alternative designs to this original.
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3 REGULATORY FRAMEWORK

Once initial type of vessel is known and elements to be analyzed as possible alternatives, it proceeds to
obtain regulatory framework of them. The objective is to establish limits to validate the alternatives that
are derived from the study. The main regulations used come from “lacs” and Classification Societies.
Within all the regulations, it is establish those specific to each analyzed element.

3.1. Main frame container ship:
At this point, the objective is to reference applicable regulations regarding the stresses to which the
sections/frames of container ships are subjected. Reference are [refl8].

Reference standards: Tacs S11A_2.Loads.
Within the S11A standard "container ships longitudinal strength", its section number two establishes and
analyzes the different sections in which hull beam assembly tension state in container ships is organized.

Reference standards: iacs SI11A 2.1.Sign convention for hull girder loads.
The rules are established regarding the convention of signs positive and negative in shear forces and
bending moments.

Reference standards: iacs S11A_2.2.Still water bending moments and shear force.
Bending moments and shear stresses in calm water must be calculated in each section along the hull beam
assembly under each of the specific load conditions.

M g0, Maximum bending moment in still water Mgin: Minimum bending moment in still water.
F gnax: Maximum shear stress moment in still water. Fgp,;: Minimum shear stress moment in still water.

Reference standards: iacs S11A 2.3.1.Wave parameters.
In this section the influence of waves is established. The procedure is started by calculating the wave
parameter as a function of wave lengths.

Reference standards: iacs_ SI1A_2.3.2.Vertical wave bending moments.
0.8

Bending moments in hogging: My .4 = 1.5fz13CCy (z) fni_Hog

0.8
Bending moments in sagging: My s,y = —1.5fzL3CCy, (z) fnL_sag

Reference standards: iacs_ S11A_2.3.3.Vertical wave shear force.
0.8

B\
Shear force at aft, hogging: F‘;ﬁqog = 5.2fxL*CCy, (Z) (0.3 + 0.7fNL_H0g)

0.8
Fore

Shear force at fore, hogging: Fy’o, = —5.7fzL*CCy, (Z) fyL_Hog
B\ 08
Shear force at aft, sagging: Fiyl, = = —5.2fzL*CC (—) (0.3 +0.7f, )
» SAZEING: L'y gqq R wl\T NL_Sag

0.8
Shear force at fore, sagging:Fﬁ}’ElQ = +5.7fzL*CCy (%) (0.25 + 0.75fNL75ag)

. 0.8
Shear force at middle :F}4 = 4f:1>CC,, (%)

Reference standards: iacs_ S11A_2.4.Loads cases.

The maximum and minimum values of bending moments and shear stresses as a combination of still
water and wave influence must be higher than the values of bending moments and shear stresses
corresponding to each of the load conditions.



MT’24. 10th International Conference on Maritime Transport
Barcelona, June 5-7, 2024

3.2. Sections:
The objective is to reference applicable regulations in sections defined as set of two side girders, bottom,

double bottom and the longitudinal of container ships. Reference are [ref17], [refl18], [ref19].

Reference standards: S11A 2.5.Hull girder stress.

This standard refers to the value of the normal and tangential stress of the mid-section of the ship.
Highlight the importance of the section module in the calculation of these values. According to this
standard, the value of the stresses in the mid-section must not be higher than that obtained from said
standard.

YsMs+ yywMw -3 YsFs+ ywFw -3
Oy =—"""-—UZ—-7Zn)107° Tty =—7%-"10
HG Inet ( ) HG fget
v

Reference standards: S11A_3.2.Stiffness criterion.
This standard establishes the value that the inertia moment must meet in sheer and break loading
conditions.

Lyet = 1.55 L |M, + My,|1077
According regulations, new sections won't have inertia moments that are not lower than the initial one.

Reference standards. SI1A_3.3.Yield strength assessment.
This standard establishes that the equivalent elastic limit in each loading condition must be lower than the
allowable one.

ReH

— [~2 2 —
Ocq =05+ 3T Operm = Ocq < Operm

Y172

According to the presented standard, the new sections must be made of a material with a load/resistance
of elastic limit that cannot be lower than the initial of the original section.

Reference standards: S7 Minimun longitudinal strength standards.
This standard establishes the minimum value of the section modulus in vessels that are not CSR Bulk
Carriers or Oil Tankers.

W pin = ¢ L*B (C, + 0.7) k (cm?)
According to regulations presented, new sections cannot have section modules lower than the original.

Reference standards. S21A_1.4.General requirements.

This standard establishes the spacing of primary supporting members parallel to the direction of
secondary stiffeners is not to exceed 1/3 of span primary supporting members. According regulation, new
sections must be made up of a number of longitudinal in each subsection not less than two.

3.3. Transverse plates:
The objective is to reference applicable regulations in transverse plate floors Reference are [ref20],
[ref21] and [ref22].

Reference standards: Lloyd’s, rules and regulations for the classification of naval ships 2022 prt3,
chapter 10, section 5.2.

On part3, chapter 10, section 5.2. [ref20] is established regulation about arrangements at intersections of
continuous secondary and primary members.

Reference standards: Iacs, Common structural rules for bulk carriers and oil tankers_part 1, chapter 3,
section 6.

Although it is a fact that these rules belonging to the "Common Structural rules for bulk carriers and oil
tankers" [ref22] it is highlight the great similarity between the values established in this regulation and the
previous ones previously reviewed.

Reference standards: Lloyd’s, rules and regulations for the classification of naval ships 2022 _volume
1,prt3, chapter 2, section 3.2.9.
Regulation [ref21] establishes recommendations about holes and opening in web or primary members.
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4 ALTERNATIVE DESIGNS

Once type of ship to be studied and frame regulatory are established, the next point is to study various
alternative configurations of transverse plate floors.

However, these alternatives must not involve a substantial modification of the structural characteristics of
the rest of the elements that make up the structural assembly of the ship, and they must comply with the
standards of the classification societies.

Development of this point consist in:

e Sections alternative designs.
e Transverse plate floor alternative designs.
e Finite element analysis numerical simulation.

The process consists in establishing alternative designs of the section that delimits the original transverse
plate floor. Subsequently, generate alternative plates designs for each alternative section and finally
perform numerical simulations using finite element analysis.

4.1. Sections: alternative designs.
Transverse plate floor [ ] is defined as the structural element placed between two side girders,

bottom, double bottom and longitudinal elements arranged around them.

Figure 4 Transverse plate floor and section
It will be named this set of elements that define transverse plate floor as section.

Once a section of the ship type under study is established, the objective is to find and study various
configurations of the section, obtained as the combination of various layouts, locations and types of the
longitudinal elements that make it up but keeping everything under the regulation.

All previous processes, such as the calculations of bending moments and shear forces in each of the
loading conditions are not carried out/considered in this study, that data comes from the referenced
previous project [ 1.

About development and work methodology, as a first step from the initial section of the known ship
which is made up of:

e  Section modulus.

e Double bottom with 2 longitudinal HP280X11.
e Bottom with 2 longitudinal HP260X11.

e Side girders with 2 longitudinal FB150X12.

It is established a record where the profiles HP280X11, HP260X11, FB150X12 are collected from [refl5]
and [ref16], as well as profiles of a higher and lower order than these initial ones.

In the double bottom, bottom, and side girder of the initial section, the number of longitudinal is increased
in each of them, generating a number of new configurations.

For each of these new configurations, it is established each of all the lower profiles “HP” and FB”
collected in the record and calculate the section module of each of all these configurations.

Finally, those configurations where the section modulus are immediately above of the initial section are
collected [ ].



MT’24. 10th International Conference on Maritime Transport

Barcelona, June 5-7, 2024

-.—m‘.?m—-l § I BEI T _'. BEZmm —— { B — BRI —
1_--12m|'n L _“,m-.,L 12mm r I i —— l uml 12mm -.._[
s | i
1o 1730mm
it i '| —
SEGmm SEearan
i i
' r i i r ! [ [ [ ] |
I [} 1 ' 1
854, 5enm —= b 854 Senm =] I-—s.tw-——mru —-L— B3gmm —
- 257 mm = | 25Tmm
. double bottom side . double bottom side
section bottom longitudinal | longitudinal section bottom longitudinal | longitudinal
longitudinal gitu gitu longitudinal gitu gitu
1 HP280X11 HP260X11 FB150X12 2 HP240X10 HP260X11 FB150X12
inertia inertia section section inertia inertia section section
moment Iy moment Iz | modulus Zy | modulus Zz | moment Iy moment Iz | modulus Zy | modulus Zz
mm4 mm4 mm3 mm3 mm4 mm4 mm3 mm3
1,18E+11 7,44E+10 1,31E+08 5,65E+07 1,19E+11 7,52E+10 1,31E+08 5,71E+07
= BB — 638mwm —f—638mm— | . o S B —mm— 538 —mdm 3B —= S
= T I Timm=p- P ] . -
| | Bheag gl il | | 8 By
\Sihmm SEfenm
£ 1 |
1 730mem 1730ren
{ssbmm = = SEhmm
[ 1 L0 e
_____ — 16mm f IS { E
:_, RS Senim ,,_1 1 o RS EoraTy e o ol By e MR -L By == 1 -
= ' 257dmen o - 25T denm 4
. double bottom side . double bottom side
section bottom longitudinal | longitudinal section bottom longitudinal | longitudinal
longitudinal g g longitudinal g g
3 HP280X11 HP180X11 FB150X12 4 HP240X10 HP180X11 FB150X12
inertia inertia section section inertia inertia section section
moment Iy moment Iz | modulus Zy | modulus Zz | moment Iy moment Iz | modulus Zy | modulus Zz
mm4 mm4 mm3 mm3 mm4 mm4 mm3 mm3
1,18E+11 7,48E+10 1,31E+08 5,67E+07 1,19E+11 7,54E+10 1,32E+08 5,72E+07
- B erem - I = BAZmm = ' b Gl —— G men —=pe— EXEmem i 1
[ w— I anl Pr—— | [ l l 1 t2men
1 A2%mm mm |
i B — 1
A25mm 4iE
17 30mm 1 1T 30mm - |
A25mm AZSesm
- [ —
= 425mm » > ] & FCrmm
[ 1y J l l — VG
Foe | 1 + ¥ . i i
fm— B5d B - b BS54 S —= - GkDEE e AR e B3R =
b= Z5T4mim - 28 Py
. double bottom side . double bottom side
section bottom longitudinal | longitudinal section bottom longitudinal | longitudinal
longitudinal g g longitudinal g g
5 HP280X11 HP260x11 FB100X12 6 HP240X10 HP180X10 FB150X9
inertia inertia section section inertia inertia section section
moment Iy moment Iz | modulus Zy | modulus Zz | moment Iy moment Iz | modulus Zy | modulus Zz
mm4 mm4 mm3 mm3 mm4 mm4 mm3 mm3
1,18E+11 7,46E+10 1,31E+08 5,65E+07 1,20E+11 7,54E+10 1,32E+08 5,70E+07

Table 3 Sections: alternative designs
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4.2. Transverse plate floor: alternative designs.
Once the different sections have been defined [Figure 5], it proceed to generate the different types of
transverse plate floor related to each section.

Transverse plate floor can be defined as the structure delimited by the section, or defined as the structural
element between two side girders, bottom, double bottom and the longitudinal elements arranged around .

Figure 5 Transverse plate floor procedure

The different transverse plate floor are mainly defined as combination of: section, cut-outs, holes
geometry, thickness among others.

About development and work methodology of different transverse plate floor is done as combination of:

e Section: 6 different types of them previously stablished, [Figure 6].

Figure 6 Sections

e Cut outs: 4 different types [Figure 7].

N N [
¢

.

Figure 7 Cut outs
e Thickness: 3 different types: 14,5 mm 18mm and 22 mm.
As result of all combinations, it is obtained 72 different transverse plate floor [Table 4].

All 72 transverse plate floor alternative designs are attached in [Annex [.

11
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models sections | cut outs | sketch/ cut outs | thickness sketch
model 1 A 14,5 mm
model 2 A r 18 mm
model 3 A 22 mm
model 4 B f r Y 14,5 mm
model 5 B 18 mm
model 6 1 B 22 mm
model 7 C /Y 14,5 mm
model 8 C 18 mm
model 9 C 22 mm
model 10 D 14,5 mm
model 11 D r; 18 mm
model 12 D 22 mm
model 13 A G 14,5 mm
model 14 A r 18 mm
model 15 A 22 mm
model 16 B f r \ 14,5 mm
model 17 B 18 mm
model 18 2 B 22 mm
model 19 C /Yy 14,5 mm
model 20 C 18 mm
model 21 C 22 mm
model 22 D 14,5 mm
model 23 D r; 18 mm
model 24 D 22 mm
model 25 A G 14,5 mm
model 26 A r 18 mm
model 27 A 22 mm
model 28 B f r Y 14,5 mm
model 29 B 18 mm
model 30 3 B 22 mm
model 31 C Y 14,5 mm
model 32 C 18 mm
model 33 C 22 mm
model 34 D 14,5 mm
model 35 D r; 18 mm
model 36 D 22 mm
model 37 A ) 14,5 mm
model 38 A r 18 mm
model 39 A 22 mm
model 40 B 14,5 mm
model 41 B 18 mm
model 42 4 B 22 mm
model 43 C Y 14,5 mm
model 44 C 18 mm
model 45 C 22 mm
model 46 D 14,5 mm
model 47 D r; 18 mm
model 48 D 22 mm
model 49 A ) 14,5 mm
model 50 A r 18 mm
model 51 A 22 mm
model 52 B 14,5 mm
model 53 B 18 mm
model 54 5 B 22 mm
model 55 C /Y 14,5 mm
model 56 C 18 mm
model 57 C 22 mm
model 58 D 14,5 mm
model 59 D r; 18 mm
model 60 D 22 mm
model 61 A —) 14,5 mm
model 62 A r 18 mm
model 63 A 22 mm
model 64 B f F \ 14,5 mm
model 65 B 18 mm
model 66 6 B 22 mm
model 67 C 14,5 mm
model 68 C F 18 mm
model 69 C 22 mm
model 70 D 14,5 mm
model 71 D r; 18 mm
model 72 D 22 mm

Table 4 Transverse plates floor: alternative designs

12
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4.3. Finite element analysis: numerical simulation and achieved results.

Once it is stablished the type vessel of object study, frame regulatory, alternative sections to the original,
and various transverse plate floor, the next point is to develop the tests to be carried out on the alternative
plates designs. Numerical simulations by finite elements analysis are carried out for each of the 72
alternative transverse plate floor designs using "Ansys" software. These simulations apply shear stresses
and bending moments scenarios obtaining from each of them the value of stress, strain, deformation and
n°cycles in fatigue life.

4.3.1.Numeric simulations. Response under shear stress.

Initial model.
Initial model [Figure 8] is established in “ansys* software.
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b A} Standard Earth Gravity
B, Displacement
o BB, Force
B, /8 Solution (AG)
4] Solution Information
+.- MG Equivalent Stress
i M Equivalent Elastic Stra ¥
>

<

Details of "Geometry" L
[=I| Definition

Source C\Users\Usuario\Desktop\...
Type SpaceClaim

Length Unit Meters

Element Control | Program Controlled

Display Style Body Color

Bounding Box

Properties

Statistics

Basic Geometry Options

Advanced Geometry Options

ERERENENE

Figure 8 3d model

Mesh.
Mesh [Figure 9] that “ansys” program creates by default.

| Filter:  Name -

| 214> @ &l
8] Project
B @ Model (a4)
-, A8 Geometry
£ 2k Coordinate Systems
B
=, /=] Static Structural (A5)
i JFN Analysis Settings
B, Standard Earth Gravity
A, Displacement
i B, Force
Fl-- /g Solution (A6)
4] Solution Information
B Equivalent Stress

t.... M Equivalent Elastic Stz ¥
>

<
Details of "Mesh" a
= Display

Display Style ‘Body Colar

=l| Defaults

Physics Preference | Mechanical

Relevance 0

Element Order Program Controlled
Sizing

Quality

Inflation

Advanced

Statistics

[CHENENENE]

Figure 9 Initial model mesh

Subsequently, this mesh will be refined based on complying with convergence process.
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Boundary conditions.
In reality, a transverse plate floor is welded to the bottom, double bottom and side girders.

Boundary conditions are established that could be easily recreated in the laboratory in a possible future
scale test [Figure 10].

Boundary conditions are:
Side A: range of movement ( free, free, free).
Side B: range of movement ( 0, 0, 0).

Side C: range of movement ( free, free, free).

JF\":EI’: Name hd
@28 48
[B] Project ~

B @] Model (a4)
ﬁ Geometry
1], Coordinate Systems
N Mesh
E--,[=] static Structural (A5)
74 Analysis Settings
- AR} Standard Earth Gravity
,
!, Force
=8 Solution (A6)
i /3] salution Information
i Equivalent Stress
i M3 Equivalent Elastic Strz ¥

< >
Details of "Displacement” o
= Scope
Scoping Method | Geometry Selection
Geometry |3 Faces
=| Definition
Type Displacement
Define By Companents

Coordinate System | Global Coordinate System
X Companent |0, m (ramped)
¥ Component |0, m (ramped)

Z Component |0, m (ramped) % Geometry 4 Print Prewaw)\Rejort Preview/
Suppressed Mo Graph

Figure 10 Boundary conditions
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Loads.
At this point analysis of loads that shear forces on the hull beam assembly generate in the main frame
according Collignon-Jourawski theorem is developed.

Main values are referenced in [Figure 11] and obtained from [ref14].

4k 5.3.2 BM and SF (output) (acc. section 5. E)

ISR >

Seagoing condition Harbour condition -
Frame No. Bending moment Shear force Bending moment Shear force
max [kN*m] | min [kN*m] max [kN] min [kN] max [kN*m] | min [kN*m] +/[- [kN]
124 1875894 -1154759 35431 -35431 3459520 -3091520 52594

94 -1154 75" 30¢
|122 1875894 -1154759 35431 -35431 3459520 : -3091520 :
l4)(«] Record 9 ()]« | 1 ;
Bending Moment [kN*m]1]4000000 . v 60000/Shear Forces [kMN]
seag.cond. max SUSB?E%E cond. max
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- oz0cn O oN11 2 o] g Op 2R o Apan
T L i il il Sl U s e s e s e ol W s i s e el e i | ol
-10000 . . £
: : -20000
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: i 2" -a0000
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T ! —_ ! -50000
-4000000 O.E3L 0.7L -60000

Hullgirder Bending : perm. vert. bending moments and shear forces

Figure 11 Shear forces referenced
Maximum shear stress =57500 KN
Maximum stress = 46 MPa

In order to subsequently carry out a laboratory test, it is applied a force that could be emulated in the
subsequent test, [Figure 12].

Load = 600 KN (0,1,0)

Filter:  Name hd
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{8 Mesh
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Graph

Figure

12 Load applied
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Test: stress (Von Misses) prior convergence analysis.
Values [ ] of stress status [ ] in transverse plate floor model are obtained, analyzed it
under the boundary conditions considered and with the established loads.

A: Static Structural

Filter  Name h Equivalent Stress
P g1 8l Type: Equivalent (von-Mises) Stress
o, g Model (A4) " Unit: Pa
A Geometry Timeed
¥/2 Coordinate Systems 14/02/2024 23:31
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5-./2] Static Structural (A5) LISGIEE R
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F1-[d] Solution (A6} 489537
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i glz] Convergence 1 270087
- M Equivalent Elastic Strz ¥ i’ ¢
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Details of "Equivalent Stress”
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Scoping Method Geometry Selection
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Display Time Last Geometry A Print Preview A Report Preview,
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Identifier [Time [s] [[¥ Minimum [Pa] [[¥ Maximum [Pa] [+ Average [Pa] |

Suppressed No HL 80629 1,1004e+008 1,9631e+007
=I| Integration Point Results

Display Optian Averaged o Tabular Data | Graph

Figure 13 Stress

Minimum Maximum Average
value (Pa) | value (Pa) | value (Pa)

80629 1,1004e+08 | 1,9631e+07

Table 5 Stress values

Convergence analysis.
The process of convergence consists of ensuring that the meshing of a body allows the solutions obtained
from it be as close as possible to reality.

It is an iterative process.

A) A mesh by default is established.

B) Boundary conditions are established.

C) Applied loads is established.

D) It is performed stress analysis and obtain the average value of the stress.

E) The initial mesh is refined, at those points where from the previous analysis is detected higher
values of the stress, it is necessary to increase the number of nodes and consequently increase the
number of objects.

F) On this new mesh, stress analysis is repeated and obtained average value. This process is
repeated until the difference between the last and previous value is between 5% and 10%.

G) "ansys" program has the option to perform this process automatically.

Initial mesh has 2839 nodes, and 347 elements.



MT’24. 10th International Conference on Maritime Transport
Barcelona, June 5-7, 2024

Outline &
JFIREI’: Name A
NS
B (83 Model (A4) ~

/B Geometry

/}5. Coordinate Systems

: Mesh

El-[2] Static Structural (A5)

; Standard Earth Gravity
/1, Displacement
« Force
=) Solution (A6)
o A ] Solution Information
= MB8 Equivalent Stress
: - ---0 Convergence
i M Equivalent Elastic Stz ¥
>

Display Style | Bady Colar -
(=l Defaults
Physics Preference | Mechanical
Relevance 0
Element Order Program Controlled
Sizing
Quality

Inflation
Advanced

ERERERE

|

Nodes 2839

zments 347 v |\ Geometry 4 Print Preview Report Preview/

Figure 14 Convergence analysis

Convergence analysis [Figure 14] is performed with the aim of obtaining a more accurate mesh that the
original one.

Outline n

J Filter: Mame -

[ 21 1 e 8l 1,1936e=8
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Figure 15 Convergence analysis result

It is necessary a total of 2 iterations, until a refined mesh that makes the difference in stress between the
last iteration and the penultimate iteration less than 5%.

In this way, it is obtained a mesh that is different from the initial one which is more refined and complies
with the provisions of a mesh convergence criterion.

This mesh has 40086 nodes and 29294 elements (the initial 2839 nodes, 347 elements) [Figure 15].

17



MT’24. 10th International Conference on Maritime Transport
Barcelona, June 5-7, 2024

Test, stress (Von Misses).

Stresses values [ 10 ] of the transverse plate floor analyzed under the boundary conditions
considered, with the established loads and with the meshing obtained after the convergence analysis are
obtained.

Filter: Az Static Structural
ELakll Hiame hd Equivalent Stress
21 I ﬂ él Type: Equivalent (von-hdises) Stress
=1 Project o Unit: Pa
Bl (@] Model (A4) Time: 1
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Figure 16 Stress
Minimum Maximum Average
value (pa) value (pa) value (pa)
67296 1,1936e+08 2,7493e+07

Test, strain (Von Misses).
Strain values [

Test, deformation.
Deformations values [

Table 6 Stress values

] of the transverse plate floor analyzed has in the boundary conditions considered,
with the established loads and with the meshing obtained after the contour analysis are obtained.

Minimum Maximum Average
value (m/m) | value (m/m) | value (m/m)
1,4677e-06 5,9685¢e-04 1,3806e-04

] of the transverse plate floor analyzed has in the boundary conditions
considered, with the established loads and with the meshing obtained after the contour analysis are

Table 7 Strain values

obtained.
Minimum Maximum Average
value (m) value (m) value (m)
0,0 2,4829¢-04 9,6153e-05

Table 8 Deformation values
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Fatigue.
Fatigue appears under loads act on a material in a cyclical manner.

Fatigue. Cyclic loads on a material: medium stress, minimum stress and maximum stress.
There are different stress concepts [Figure 17] to bear in mind in fatigue test.

: { ons e
N AWATCTY ] BVERVAE
vava A S S

mun

Cp=0 Cu#0

Figure 17 Stress in fatigue

Imax~%min

o, average stress = 2

O max: maximum value in stress cycle
O min: minimum value in stress cycle
0,,: average stress may be not zero

Fatigue. S N curves: stress and number of cycles.
This curve shows the number of cycles that a material can withstand when a stress is applied.

These curves are different in each material and are obtained empirically.
The process is based on::

e A material is established.

e A stress g, is selected .

e  This stress is applied to the material reversibly, ¢, = 0. In other words, the applied stress range
from o, to -0,

e These stresses are applied g, , -0, repeatedly until the material breaks.

e The process is repeated but with a different value o,.

If the material is stressed below the fatigue limit, the material would theoretically last an infinite number
of cycles.

Fatigue. S N curves: stress and number of cycles of different materials.
For each material, corresponding S N curves are established depending on the stress applied g, ( g,,, = 0)
and number of cycles.

Fatigue. S N curves: not zero average stress g,,, # 0.
When stress g, is not applied in reversibly way ( a,,, # 0 ) correction criteria needs to be applied.
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Fatigue test.

Number of cycles before fracture values of the transverse plate floor analyzed has in the boundary
conditions considered, with the established loads and with the meshing obtained after the contour analysis
are obtained.

Ratio value is obtained with maximum and minimum stress and it is established, [Figure 18].
Maximum shear stress (+): 57500 KN -> Maximum stress (+): 46 Mpa

Maximum shear stress (-): -38500 KN -> Maximum stress (-): -31 Mpa

o #+0.
. Om(+ 46
Ratio value 22 = =2 = —1,48
om(-) —-31
‘Worksheet
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24 H el g Ratio
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BT o ol

N S ufe N e Mean Stress Correction Theory
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=| Materials
Fatique Strength Factor (kf) |1,
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Scale Factor -1,
= Definition
Display Time End Time
5| Options Graphics. Worksheet
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Mean Stress Theory Goodman
Stress Component Equivalegdl..| ¥

Tabular Data
Tabular Data | Graph

Figure 18 Fatigue test ratio value

Values of number of cycles [Table 9] before fracture of the transverse plate floor model, analyzed it under
the boundary conditions considered and with the established loads in fatigue test are obtained.

Minimum value
(n° cycles)

Maximum value
(n° cycles)

Average value
(n° cycles)

77341

1,e+06

9,7039e+05

Table 9 Number of cycles in fatigue test

4.3.2.Numeric simulations. Response under bending moment.
As shear forces test, it is developed test under bending moment situation.

The process is equal to the previous one except regarding loads type applied.

In order to subsequently carry out a laboratory test, it is applied a force that can be emulated in the
subsequent test.

Load= 4,5 KN (0,0,1)

Achieved results.
Stress, strain, deformation and fatigue life of the 72 transverse plate floor are obtained.

All results are attached in [Annex [1.].
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5 RESULTS DISCUSSION

The study aims to obtain the response to shear stress and bending moment scenarios in a set of sections
and transverse plate floor differents to the original one and permissible by the regulatory framework of
classification societies. In each of these scenarios it is obtained stress, strain, deformation and fatigue life
values.

As results discussion it is compared the original one plate and plate wich the best porperties in every
scenario.

5.1. Shear stress scenario.

According to [Graph 1] it is observed that in the comparison between plate n® 52 [Figure ] and the
original plate n® 4[Figure 19] the first one shows favorable values. In relation to stress, the aim is to
ensure that the value of the maximum tension is as low as possible, as well as the value of the average
tension. In this comparison it is observed that the maximum stress value in n° 52 is 9,73+E07 Pa which is
lower than 1,18+E08 Pa corresponding to n° 4, and a similar trend about average stress 1,88E+07 Pa and
2,00E+07 Pa respectively.

Wy

Figure 19 Plate n%4 Figure 20 Plate n°52 Figure 21 Plate n°58

Shear stress

Fatigue life_average (n°cycles) 9,92E+05 9,97E+05 9,57E+05

Fatigue life_maximum (n°cycles) 1,00E+06 1,00E+06 1,00E+06

Fatigue life_minimun (n°cycles) 6,43E+04 1,63E+05 1,75E+04

Deformation_average (m) 7,38E-05 8,26E-05 8,23E-05
Deformation _maximum (m) 2,48E-04 2,27E-04 2,16E-04

Deformation minimun (m)

[=3
S
les]
S
=
S

>

Strain_average (m/m) 1,01E-04 9,44E-05 1,30E-04

i

Strain_maximum (m/m) 5,89E-04 4,87E-04 8,97E-04

Strain_minimun (m/m) 6,48E-07 4,08E-07 5,01E-07

Stress_average (pa) 2,00E+07 1,88E+07 2,60E+07

Stress_maximum (pa) 1,18E+08 9,73E+07 1,79E+08

Stress_minimun (pa) 4,57TE+04 6,49E+04 4,69E+04
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

En°4 mn°52 mn®58

Graph 1 Main results shear stress
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In [Graph 1], it shows as well comparison between plates n® 58 [Figure 20] and n® 52 [Figure ] with
respect to the original plate n® 4 [Figure 19]. At this point deformation and fatigue life behaviors are
compared respectively. In the first one maximum deformation is sought to be as low as possible,
observing that plate n® 58 shows a deformation of 2,16E-04 m lower than the 2,48E-04 of the original
plate n° 4. Regarding the fatigue life minimum number of cycles before the limit is sought to be as high as
possible, observing that in plate n® 52 number of cycles is 1,63E+05 while in the original plate this
number is 6,43E+04.

5.2. Bending moment scenario.

As in previous scenario according to the [Graph 2], it is observed that plate n® 1 [Figure 24] has better
values compared to plate n° 4 [Figure 23]. In relation to stress as previously indicated, the objective is
that maximum stress and average stress value to be as low as possible. Plate n° 1 shows a maximum stress
and average stress respectively of 1,57E+08 Pa and 3,15E+07 Pa which are lower than plate n° 4,
1,84E+08 Pa and 3,38E+07 Pa.

o

Figure 21 Plate n4 Figure 22 Plate n°1 Figure 20 Plate n267

Bending moments

Fatigue life_average (n°cycles)
Fatigue life_maximum (n°cycles)
Fatigue life minimun (n°cycles)
Deformation_average (m)
Deformation_maximum (m)
Deformation minimun (m) [0, R 0,00E+00 |
Strain_average (m/m)

Strain_maximum (m/m) 9,27E-04 7,87E-04
Strain_minimun (m/m) s 1,96E-06 4,37E-07

1,04E-03

—_
w2
=]
e
=]
N

Stress_average (pa) 3,38E+07 3,15E+07 2,32E+07

Stress_maximum (pa) 1,84E+08 1,57E+08 2,08E+08

Stress_minimun (pa) 6,88E+04 9,76E+04 3,18E+04

0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

En°4 mn°1 mn°67

Graph 2 Main results bending moments

Regarding deformation and fatigue life, according to [Graph 2] it is observed that plates n°1 [Figure 24]
and n° 67 [Figure 22] show favorable values compared to plate n°4 [Figure 23]. In this way average
deformation in plate n° 67 is 1,12-E02 m lower than 1,37-E02 corresponding to plate n°4, while minimum
number of cycles in plate n°1 is 5,38+E04 which is greater than 3,04+E04 of original one plate n°4.
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Respect to an increase in thickness, stress [Graph ] in shear stress and bending moment scenario of the
original one transverse plate decreases by 25%, 39% and 28%, 57%, respectively, while the number of
cycles [Graph ] in the fatigue life increases in the shear and bending scenarios, respectively 349%, 1052%
and 376%, 2395%.

4,00E+07 8,00E+05 7,28E+05
3,38E+07 ’
3,50E+07 7,00E+05 6,77TE+05
3,00E+07 2456407 é 6,00E+05
= 2.50E+07 &' 5,00E+05
k= 2,00E+07 Y
2 2,00E+07 & 4,00E+05
= 1,51E+07 LA6E+07 5
2 1,50E+07 1236407 5, 3,00E+05 2 24E+05
=
1,00E+07 =~ 2,00E+05 T
6,43E+04 1,14E+05
5,00E+06 1,00E+05 3 04E+04 I
0,00E+00 0,00E+00 - -
14,5 18 22 14,5 18 22
Thickness Thickness
Hshear stress M bending moment B shear stress M bending moment
Granh 3 Averaae stress and thickness Granh 4 Averaane fatiaue life and thickness

Although it is not the main objective of the study, it is observed that as expected, an increase in thickness
generates an improvement in the structural properties, but it would be advisable to link a specific study of
the increase in thickness with the increase in weight of the assembly.

As results discussion only values between the original one and the alternative that presents the best values
for each property have been compared.

6 CONCLUSION

The main objective of the study is to obtain and analyze the structural properties of a set of alternative
transverse plates designs in Panamax container ships. In this way, if there are designs with better
structural properties, they could be positive alternatives in container ships design.

Along process a set of alternative sections and plates have been obtained in accordance with the
regulatory framework of institutions and classification societies. Subsequently structural properties of
designs have been analyzed in different scenarios and finally compared with original plate obtaining
favorable properties in some of the alternative designs, so the main study objective could be considered as
favorable.

Although in results discussion only have been analyzed the best plate in every scenario, there are other
alternatives which shown favorable properties than the original one plate. About this it is possible to
affirm that the results obtained show a set of alternative arrangements being able to present themselves as
possible variants and help in the design of this type of ships.

About possible future studies, this one has as weakness of being only focused on transverse plate floors. It
could be desirable to study the set of plates and the section that composes it as a joint structure: bottom,
double bottom, side girders, longitudinal and transverse plate floor.
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

14,5 mm

0,05812m’?

18 mm

0,07216m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

22 mm

0,08819m?

14,5 mm

0,05854m*

Neplate

Thickness

Volume

N°plate

Thickness

Volume

18 mm

0,07267m’?

22 mm

0,08882m’*

26
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

14,5 mm

58670,0m’

18 mm

0,07283m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

22 mm

0,08902m’

10

14,5 mm

0,05856m’

NCplate

Thickness

Volume

N°plate

Thickness

Volume

11

18 mm

0,07270m’

12

22 mm

0,08886m’

27
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

13

14,5 mm

0,05794m’

14

18 mm

0,0719296m?

N°plate

Thickness

Volume

N°plate

Thickness

Volume

15

22 mm

0,08791m’?

16

14,5 mm

0,05840m’

NCplate

Thickness

Volume

N°plate

Thickness

Volume

17

18 mm

0,07249m’

18

22 mm

0,08860m’
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

19

14,5 mm

0,05855m>

20

18 mm

0,07268m®

N°plate

Thickness

Volume

N°plate

Thickness

Volume

21

22 mm

0,08883m’

22

14,5 mm

0,05842m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

23

18 mm

0,07253m’

24

22 mm

0,08865m’

29
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

25

14,5 mm

0,05817m?

26

18 mm

0,07221m?

N°plate

Thickness

Volume

N°plate

Thickness

Volume

27

22 mm

0,08826m’?

28

14,5 mm

0,05858m’?

NCplate

Thickness

Volume

N°plate

Thickness

Volume

29

18 mm

0,07272m’

22 mm

0,08888m’

30
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

31

14,5 mm

0,05873m*

32

18 mm

0,07291m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

33

22 mm

0,08911m?

34

14,5 mm

0,05861m’

NCplate

Thickness

Volume

N°plate

Thickness

Volume

18 mm

0,07276m’

22 mm

0,08893m’

31
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

37

14,5 mm

0,05799m?

38

18 mm

0,07198m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

39

22 mm

0,08798m’

40

14,5 mm

0,05844m’

NCplate

Thickness

Volume

N°plate

Thickness

Volume

41

18 mm

0,07254m’

42

22 mm

0,08867m’

32
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

43

14,5 mm

0,05861m*

44

18 mm

0,07276m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

45

22 mm

0,08893m’?

46

14,5 mm

0,05847m’?

NCplate

Thickness

Volume

N°plate

Thickness

Volume

47

18 mm

0,07259m’

43

22 mm

0,08872m’

33
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

49

14,5 mm

0,05811m’

50

18 mm

0,07213m?

N°plate

Thickness

Volume

N°plate

Thickness

Volume

51

22 mm

0,08816m’?

52

14,5 mm

0,05851m’?

NCplate

Thickness

Volume

N°plate

Thickness

Volume

18 mm

0,07667m’

54

22 mm

0,08877m’

34
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

55

14,5 mm

0,05866m*

56

18 mm

0,07686m®

N°plate

Thickness

Volume

N°plate

Thickness

Volume

57

22 mm

0,08900m?

58

14,5 mm

0,05854m’

NCplate

Thickness

Volume

N°plate

Thickness

Volume

18 mm

0,07672m’

22 mm

0,08883m’

35
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

61

14,5 mm

0,05786m*

62

18 mm

0,07183m?

N°plate

Thickness

Volume

N°plate

Thickness

Volume

63

22 mm

0,08780m?

64

14,5 mm

0,05836m’

N°plate

Thickness

Volume

N°plate

Thickness

Volume

18 mm

0,07244m’

22 mm

0,08854m’
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N°plate

Thickness

Volume

N°plate

Thickness

Volume

67

14,5 mm

0,05855m*

68

18 mm

0,07268m®

N°plate

Thickness

Volume

N°plate

Thickness

Volume

69

22 mm

0,08883m’?

70

14,5 mm

0,05840m’?

NCplate

Thickness

Volume

N°plate

Thickness

Volume

71

18 mm

0,07250m’

72

22 mm

0,08862m’
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Annex II.
Shear stress

stress strain deformation fatigue life
thickness
N° (mm) and minimun maximum  average minimun maximum average minimun maximum average minimun maximum average
convergence (pa) (pa) (pa) (m/m) (m/m) (m/m) (m) (m) (m) (n°cycles) (n°cycles) (n°cycles)
(%)

1145 278% 673E+04  1,19E+08  275E+07 _ 147E-06_ 597E-04 138E-04 0,00E+00  248E-04 9,62E-05  7,73E+04 _ 1,00E+06__ 9,70E+05
2 18 245%  128E+05_ 9,90E+07  170E+07__ 132E-06  495E-04 853E-05  0,00E+00 _ 2,00E-04  7,15E-05  1,53E+05__ 1,00E+06__ 9,98E+05
322 442%  3.64E+04__ 720E+07 1 47E+07_ 129E-06_ 3,60E-04  7,38E-05 _ 0,00E+00__ 1,63E-04 _ G6,06E-05 _ 653E+05__ 1,00E+06__1,00E+06
4 14,5 3,62% _ A4S5TE+04 _ 1,18E+08__ 2,00E+07 _ 648E-07__ 5,89E-04 _ 1,01E-04 _ 0,00E+00 _ 2.48E-04 _ 7,38E-05__ GA43E+04__ 1,00E+06__ 9,92E+05

5 18 407%  2,00E+04 90IE+07  151E+07__ 1,00E-07 _451E-04  7,62E-05_ 0,00E+00__ 200E-04  696E-05 224E+05  100E+06 _ 9,99E+05

622 -2,17%

2,84E+04 _ TA4E+07__ 123B+07__ 1,42E-07__ 3,72E-04__ 620E-05__ 0,00E+00__ 1,63E-04 _ 5.68E-05__ 6,776+05__ 1,00E+06___1,00E+06

7 145 2.86% _ 528E+04__ 221E+08__ 322E+07__ 4,84E-07__ 1,10E-03__ 1,62E-04 _ 0,00E+00__ 2,38E-04 _ 741E-05__ 876E+03__ 1,00E+06__ 8.99E+05

8 18  1,65%  4,66E+04  176E+08_ 1,86E+07  3,19E-07  880E-04 938E-05_ 0,00E+00_ 191E-04  631E-05_ 1,88E+04  100E+06_ 9,84E+05
9 22 266% 852E+04 142E+08  161E+07__ 6,74E-07 _ 7,10E-04 8 12E-05_ 0,00E+00  1,56E-04  536E-05  4,10E+04__ 1,00E+06__ 9,92E+05
10 14,5 -1,08%__ 143E+04__ 2,10E+08__ 2.44E+07__ 3,11E-07__ 1,05E-03__ 123E-04__ 0,00E+00 _ 2,36E-04 8 71E-05 _ 1,03E+04__ 1,00E+06__ 9,67E+05
1118 339% 437E+04  158E+08_ 180E+07 _ 347E-07__ 7,93E-04  9,10E-05 _ 0,00E+00__ 1,90E-04  7,63E-05  278E+04  1,00E+06__ 9,90E+05
1222 001%_ 477E+04  139E+08_ 1,70E+07 _ 3,05E-07__ 6,95E-04  8,53E-05 _ 0,00E+00__ 1,55E-04  576E-05 _ 444E+04  1,00E+06_ 9.91E+05
13_14,5 291% _ 505E+04__ 1,12E+08__ 235E+07__ 1,13B-06__ 5,61E-04__ 1,18E-04 _ 0,00E+00__ 2,50E-04__ 8,71E-05__ 9,77E+04__ 1,00E+06__ 9,89E+05
14 18 -429%  633B+04__ 9,74E+07__ 180E+07__ 1,03E-06__ 4,87E-04 _ 9,08E-05__ 0,00E+00__ 2,01E-04 _ 7,84E-05__ 1,62E+05__ 1,00E+06__ 9,96E+05
15 22 253%  3,09E+04  7,86E+07  190E+07 _ 6,17E-07_ 3,93E-04  9,50E-05  0,00E+00__ 1,64E-04 5.61E-05 493E+05_ 100E+06__ 9,99E+05

16_ 14,5 397% _492E+04 _ 1,11E+08__ 1,87E+07__ 597B-07__ 5,56E-04__ 9,44E-05__ 0,00E+00__ 2,49E-04 _ 9,14E-05__ 1,01E+05__ 1,00E+06__ 9,97E+05

1718 1,18% _ 697E+04__ 9,82E+07__ 1,59E+07 _ 5,18E-07__ 4,91E-04__ 8,02E-05__ 0,00E+00__ 2,00E-04 _ 6,27E-05__ 158E+05__ 1,00E+06__ 9,98E+05
18 22 -0,85%  3,92E+04  7.80E+07 _ 127E+07_ 2,03E-07 _ 390E-04  637E-05_ 0,00E+00__ 1,64E-04  506E-05  516E+05  1,00E+06_ 1,00E+06
19 14,5 1,68% 688E+04  220E+08  255E+07  6,54E-07__ 1,10E-03__ 128E-04 0,00E+00  2,38E-04  8,01E-05 8 _83E+03__ 1,00E+06__ 9,63E+05
2018 1,13%__ 3,75B+04__ 1,70E+08__ 1,89E+07__ 4,63E-07__ 8,53E-04 _ 9,53E-05__ 0,00E+00__ 1,92E-04 _ 580E-05__ 2,10E+04__ 1,00E+06__ 9,85E+05
2122 1,60%  328E+04  14I1E+08_ 1,51E+07_ 4,63E-07  7,07E-04 _ 7,59E-05__ 0,00E+00__ 1,57E-04 495E-05 _ 4,17E+04  1,00E+06__ 9,93E+05
22 145 297%  272E+04  2,17E+08__ 239E+07_ 3,86E-07 _ 1,08E-03__ 120E-04  0,00E+00  237E-04 8 08E-05  925E+03 _ 1,00E+06__ 9,68E+05
23 18 1,84% _ 439E+04__ 1,77E+08__ 3,02E+07__ 4,96E-07__ 8,84E-04 _ 152E-04 _ 0,00E+00__ 1,91E-04 _632E-05 _ 1,84E+04__ 1,00E+06__ 9,17E+05
24 22 056% _ 403E+04  139E+08  1,78E+07__ 3,10E-07__ 6,97E-04 897E-05__ 0,00E+00  1,56E-04  556E-05  439E+04_ 1,00E+06__ 9,90E+05
25 145 181%_ 598E+04  126E+08_ 251E+07__ 8,26E-07 _ 629E-04 126E-04 _ 0,00E+00__ 2,50E-04 8 76E-05  4,96E+04 _ 1,00E+06__ 9,69E+05
26 18 1,84%  598E+04 _ 126E+08__ 2.51E+07__ 8,26E-07__ 629E-04 _126E-04 _ 0,00E+00__ 2,50E-04 _ 876E-05__ 636E+04__ 1,00E+06__ 9,73E+05
2722 226%  2,51E+04 _ 835E+07__ 140E+07 _ 125E-07 _ 4,18E-04__ 7,02E-05__ 0,00E+00__ 1,64E-04 _ 6,19E-05__ 3.48E+05__ 1,00E+06__ 9,99E+05
28 145 436%  337E+04_ 1,17E+08__ 2,00E+07__ 1,69E-07  5.84E-04  10IE-04 _ 0,00E+00 _ 2,50E-04 8 55E-05 _ 837E+04 _ 1,00E+06__ 9,94E+05
29 18 4.67%__ 1,63E+04__ 9,S0E+07 _ 1,66E+07__ 1,19E-07__ 4,75E-04 _ 838E-05__ 0,00E+00 _ 2,01E-04 _ 7,19E-05 _ 1,78E+05__ 1,00E+06__ 9,98E+05
30 22 410%__ 3,55E+04__ 825E+07 _ 131E+07__ 4,45E-07__ 4,13E-04__ 6,60E-05__ 0,00B+00__ 1,64E-04 _ 539E-05 _ 3.74E+05__ 1,00E+06__100E+06
31145 -241%  1,53E+04_ 229E+08__ 2,50E+07 _ 620E-07 _ 1,15E-03__ 1,25E-04__ 0,00E+00__ 237E-04 _ 7,89E-05_ 1,58E+04 _ 1,00E+06__ 9,69E+05
32 18 426%  3.,01E+04_ 1,80E+08__ 1,94E+07__ 4,07E-07__ 9,01E-04 9,77E-05_ 0,00E+00__ 191E-04  634E-05  1,73E+04__ 1,00E+06__ 9,79E+05
3322 171%__ 227B+04__ 1AGE+08__ 151E+07__ 1,14E-07__ 7,31E-04 _7.57E-05__ 0,00E+00__ 1,56E-04 _ 5.06E-05 _ 3.69E+04__ 1,00E+06__ 9,93E+05
34 145 137%_ 3,01E+04_ 230E+08__ 239E+07__ 4,10E-07 _ 1,I5E-03__ 120E-04 _ 0,00E+00__ 2,35E-04 8 _89E-05 _ 7,74E+03__ 1,00E+06__ 9,68E+05

35 18 036%  347E+04_ 1,75E+08__ 193E+07__ 1,83E-07__ 8,74E-04 _ 9,73E-05__ 0,00E+00 _ 1,89E-04  731E-05  192E+04__ 1,00E+06__ 9,82E+05
38
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36 22 057%  518E+04  149E+08  164E+07_ 576E-07  746E-04 825E-05  0,00E+00  155E-04 6 11E-05 341E+04  1,00E+06__ 9,90E+05
37 14,5 -2,02%  1,05E+05 _ 127E+08__ 2,12E+07__ 126E-06__ 636E-04__ 1,06E-04__ 0,00E+00__ 251E-04 _ 9,78E-05__ 6,12E+04 _ 1,00E+06__ 9,91E+05
38 18 3.80%  8.01E+04  1,01E+08__ 224E+07__ 1,01E-06__ 5,04E-04 _112E-04 _ 0,00E+00 _ 2,02E-04 _ 686E-05 _ 143E+05__ 1,00E+06__ 9,91E+05
39 22 338%  101E+05_ 7,55E+07  145E+07__ 8.49E-07  378E-04 728E-05  0,00E+00  1,65E-04 G653E-05 621E+05_ 1,00E+06_ 1,00E+06

40 14,5 4.86% _ 5,72E+04__ 1,18E+08__ 2,07E+07__ 2.86E-07__ 5,91E-04 _ 1,04E-04 _ 0,00E+00__ 2,50E-04__ 7,96E-05__ 8,04E+04__ 1,00E+06__ 9,88E+05

41_18_451% 288E+04 _ 9,58E+07  1,53E+07__ 144E-07__ 4,79E-04__ 7,69E-05__ 0,00E+00 _ 2,02E-04 _ 6,93E-05__ 1,72E+05__ 1,00E+06__ 9,99E+05
42 22 -186%  894E+04  838E+07  149E+07  102E-06_ 4,19E-04 747E-05  0,00E+00  1,65E-04  5.85E-05 3 41E+05  1,00E+06  9,99E+05
43 145 1,06% 421E+04  231E+08  220E+07  6,16E-07__ 1,15E-03__ 1,11E-04  0,00E+00 _ 2,37E-04  7,55E-05  7,62E+03__ 1,00E+06__ 9,72E+05
44 18 4.60% _ 340E+04__ 1,76E+08__ 1,75E+07__ 5,14E-07__ 8,84E-04  8,85E-05 _ 0,00E+00__ 1,91E-04__ 7,09E-05 _ 1,86E+04 _ 1,00E+06__ 9,91E+05
45 22 135%  217E+04  147E+08  154E+07 _ 108E-07_ 7,34E-04  7,72E-05  0,00E+00__ 1,56E-04  521E-05  3,64E+04  100E+06  9,92E+05
46 145 202%  348E+04  224E+08  239E+07__ 6,50E-07__ 1,12E-03__ 120E-04  0,00E+00  2,36E-04  8.98E-05  838E+03__ 1,00E+06__ 9,67E+05
47 18_4,17%__ 4,09E+04__ 1,81E+08__ 1,88E+07__ 2,28E-07__ 9,05E-04 _ 9.4GE-05 _ 0,00E+00__ 1,90E-04__ 7,16E-05__ 1,70E+04__ 1,00E+06__ 9,82E+05
48 22 448%  483E+04_ 1ATE+08_ 1,5TE+07__ 5.64E-07_ 7,33E-04__ 7,92E-05 _ 0,00E+00__ 1,56E-04__ 5,64E-05 _ 3,65E+04__ 1,00E+06__ 9,91E+05
49 145 -066%  823E+04  1,02E+08 2, 11E+07__ 498E-07 _ 5,10E-04  106E-04  0,00E+00 227E-04 834E-05  138E+05  1,00E+06__ 9,94E+05

50 18 2,10%

7,84E+04__ 823E+07__ 1,58E+07__4,77E-07__ 4,12B-04__ 7,93E-05__ 0,00E+00__ 1,83E-04__ 6,65E-05__ 3,78E+05__ 1,00E+06__ 9,99E+05
5122 001%__ 532E+04__ G,68E+07__ 1,30E+07__ 348E-07__ 334E-04__ 6,56E-05__ 0,00E+00__ 149E-04 _ 584E-05__ 1,00E+06__ 1,00E+06__ 1,00E+06
52 145 271%  6A49E+04  973E+07__ 1,88E+07_ 4,08E-07  487E-04  944E-05_ 0,00E+00_ 227E-04 826E-05  163E+05  1,00E+06__ 9,97E+05
5318 3.20%  4,39E+04__ 7,59E+07__ 2,09E+07 _ 2,68E-07 _ 3.80E-04 _ 1,05B-04__ 0,00E+00__ 1,73E-04__ 7,37E-05__ 6,02E+05__ 1,00E+06__ 9,99E+05
5422 279%  4,09E+04 _ 637E+07__ 1,28E+07__ 2,68E-07 _ 3,18E-04 _ 644E-05__ 0,00E+00__ 149E-04 _ 491E-05__ 1,00E+06__ 1,00E+06__ 1,00E+06
55 145 2,16%_ 6,21E+04  181E+08_ 226E+07_ 597E-07  9,07E-04  1,13E-04__ 0,00E+00_ 2,18E-04  7.86E-05_ 169E+04  1,00E+06__ 9,81E+05
56 18 3,13%  7,04E+04  137E+08_ 1,64E+07  478E-07  685E-04  824E-05_ 0,00E+00_ 1,66E-04  525E-05  4,69E+04  100E+06_ 9,95E+05
5722 1,62%__ 3,65E+04__ 1,19E+08__ 1,90E+07__ 1,83E-07 _ 594E-04 _ 9,53E-05__ 0,00E+00__ 143E-04 _ 515E-05__ 7,86E+04__ 1,00E+06__ 9,88E+05
58 145 2,15%  4,69E+04  179E+08__ 2,60E+07__ 5.01E-07 897E-04  130E-04_ 0,00E+00_ 2,16E-04 823E-05_ 1,75E+04 _ 1,00E+06__ 9,57E+05
59 18 2,63%  2,05E+04  136E+08_ 1,79E+07  1,02E-07 _ 682E-04  9,01E-05__ 0,00E+00__ 1,65E-04  620E-05_ 4,79E+04  100E+06__ 9,92E+05

6022 -1,91%  2,92E+04 _ 1,18E+08__ 1,66E+07 _ 220E-07 _ 592E-04 _ 834E-05__ 0,00E+00__ 142E-04 _ 508E-05__ 7,95E+04 _ 1,00E+06__ 9,90E+05

61 14,5 3,59%__ 4,056+04__ 143E+08__ 2.85E+07__ 541E-07__ 7,15E-04 _ 143E-04__ 0,00B+00__ 2,96E-04 _991E-05__ 3,98E+04 _ 1,00E+06__ 9,46E+05

62 18 3,54%  3,04E+04  1,I5E+08_ 2,09E+07__ 3,00E-07  577E-04  105E-04  0,00E+00  238E-04 727E-05 _ 873E+04  1,00E+06__ 9,84E+05
6322 098% _ 537E+04__ 93GE+07__ 144B+07__ 2,69E-07__ 4,68E-04 _ 722E-05__ 0,00E+00__ 1,95E-04 _642E-05__ 1,88E+05__ 1,00E+06__ 9,98E+05
64 145 1,80%__ 627E+04 _ 145E+08__ 220E+07__ 3,13E-07__ 726E-04 _ 1,11E-04__ 0,00B+00__ 2,95E-04 _929E-05__3,77E+04__ 1,00E+06__ 9,83E+05
65 18 1,82%  507E+04_ 1,1GE+08__ 2,01E+07__ 3,72E-07 _ 5,79E-04 _ 101E-04 _ 0,00E+00 _ 238E-04 721E-05 _ 865E+04  1,00E+06__ 9,84E+05
66 22 423%  549E+04  848E+07_ 130E+07_ 4,67E-07  426E-04  655E-05_ 0,00E+00  1,94E-04  618E-05_ 3,18E+05  1,00E+06__ 9,99E+05
67 14,5 3.68% __ 4.63B+04__ 2,58E+08__ 2,51E+07__ 525E-07__ 129E-03__ 126E-04 _ 0,00E+00__ 2,78E-04 _ 809E-05__537B+03__ 1,00E+06__ 9,69E+05
68 18 -1,01%  3,07E+04 2 12E+08__ 2,82E+07 _ 1,61E-07 _ 1,06E-03__ 141E-04  0,00E+00__ 224E-04 _ 6,93E-05__ 9,86E+03__ 1,00E+06__ 9,18E+05
69 22 248%  1,74E+04  1,70E+08__ 1,78E+07__ 1,06E-07 _ 848E-04  898E-05  0,00E+00  1,83E-04  589E-05  2,13E+04__ 1,00E+06__ 9,80E+05

701455 0,01%__ 3,01B+04__ 2,60E+08__ 344E+07__ 3,32E-07__ 130E-03__ 1,73E-04__ 0,00B+00__ 2,77E-04 _ 935E-05__527B+03__ 1,00E+06__ 8,95E+05
7118 2.82% _ 9.92E+03__ 2,08E+08__ 225B+07__ 1,10E-07__ 1,04E-03__ 1,13E-04__ 0,00E+00__ 2,23E-04 _ 802E-05__ 1,05B+04 _ 1,00E+06__ 9,65E+05

7222 3,92%  6ASE+04  145E+08_ 1,51E+07  433E-07  7,26E-04__ 7,64E-05__ 0,00E+00__ 1,82E-04 _ 6,90E-05__ 3,77E+04 _ 100E+06__ 9,93E+05
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Bending moments

o

stress strain deformation fatigue life
thickness
(mm) and minimun maximum  average minimun maximum average minimun maximum average minimun maximum average
convergence (pa) (pa) (pa) (m/m) (m/m) (m/m) (m) (m) (m) (n°cycles) (n°cycles) (n°cycles)
(%)

1145 160%  9,76E+04  1,57E+08  3,15E+07__ 1,96E-06_ 7,87E-04 185E-04 000E+00__ 6,01E-02  1,75E-02  538E+04 _ 1,00E+06__ 9,95E+05

2

3

18 195%  7.92E+04 _ 123E+08__ 1,98E+07__ 9,31E-07__ 6,16E-04__ 1,12E-04 _ 0,00E+00__ 3,18E-02__ 9,18E-03__ 131E+05__ 1,00E+06__ 9,99E+05

22 275% 405B+04  8A4IE+07 1 A4TE+07_ 695E-07  421E-04 802E-05 000E+00  1,75E-02  439E-03  920E+05__ 1,00E+06__ 100E+06

4 145 -079%  688E+04  184E+08  338E+07_ 139E-06  927E-04 207E-04  0,00E+00  6,03E-02  137E-02  3,04E+04  1,00E+06__ 9,88E+05

5

18 0,53%  5.81E+04  128E+08__ 2.45E+07 _ 735E-07__ 6,39E-04__ 1,29E-04__ 0,00E+00__ 3,18E-02__ 6,94E-03__ 1,14E+05 _ 1,00E+06__ 9,93E+05

622 -2,00% 281E+04 _ 876E+07__ 146E+07 _ 598E-07 _ 438E-04 _ 7,63E-05__ 0,00E+00__ 1,74E-02__ 4,35E-03__ 7,28E+05__ 1,00E+06__ 1,00E+06

7145 209%  852E+04  3,17E+08__ 3,74E+07__ 1,07E-06_ 1,58E-03_ 209E-04  0,00E+00_ 6,05E-02  147E-02  493E+03__ 1,00E+06__ 9,54E+05

8

9

18 2.07%__ 2,53E+04__ 2,13E+08__ 2,64E+07__ 6,73E-07__ 1,06E-03__ 1,41E-04 _ 0,00E+00__ 3,17E-02__ 8,61E-03__ 1,78E+04__ 1,00E+06__ 9,61E+05

22 2.60%_ 292E+04 _ 140E+08__ 1,61E+07__ 3,13E-07__ 7,00E-04__ 8,08E-05 _ 0,00E+00__ 1,51E-04__ 5,19E-05__ 8,67E+04__ 1,00E+06__ 9,96E+05

10_ 14,5 039%  7.88E+04  3,13E+08__ 327E+07 _ 849E-07_ 1,57E-03__ 1,82E-04 0,00E+00 _ 6,07E-02_ 1,79E-02  2,03E+03__ 1,00E+06__ 9,04E+05

11_ 18 295% 435E+04  2,06E+08  258E+07  585E-07__ 1,03E-03__ 13GE-04 0,00E+00__ 3,18E-02_ 823E-03__ 200E+04  1,00E+06_ 9,68E+05

1222 448%  283E+04__ 145E+08__ 147E+07__ 557E-07__ 7,23E-04__ 7,94E-05__ 0,00E+00__ 1,74E-02__ 4,87E-03__ 720E+04__ 1,00E+06__ 9,99E+05

13 145 -007%__ 6,17E+04 _ 196E+08__ 330E+07__ 1,26E-06_ 9.81E-04 177E-04 _ 0,00E+00__ 6,19E-02  130E-02_ 238E+04  1,00E+06__ 9,82E+05

14

15

16

17

18

19 14,5 -0,09%__ 567E+04 _ 323E+08__ 3,75E+07__ 7,96E-07

20

21

18 354%  6/79E+04  120E+08 _ 223E+07 _ 833E-07__ 6,00E-04 121E-04 0,00E+00 _ 3,22E-02  7,15E-03__ 144E+05__ 1,00E+06__ 9,98E+05

22 0,18%  4,69E+04__ 817E+07__ 1,48E+07__ 7,78E-07__ 4,09E-04__ 8,04E-05__ 0,00E+00__ 1,77B-02__ 4.26E-03__ 1,00E+06__ 1,00E+06__1,00E+06

14,5 120% _ 5,04E+04 _ 1,77E+08__ 3,17E+07__ 594B-07__ 8,90E-04 _ 1,87E-04 _ 0,00E+00__ 6,10E-02__ 1,65E-02__ 345E+04__ 1,00E+06__ 9,87E+05

18 0,55%  2,05E+04  128E+08  2,36E+07 _ 559E-07  6,38E-04  1,23E-04  0,00E+00 _ 321E-02_ 647E-03__ 1,15E+05  100E+06__ 9,96E+05

22 -0,07%__2,77E+04__ 8,53E+07__ 1,54E+07__ 3,84E-07__ 427E-04 _ 8,02E-05__ 0,00E+00__ 1,76E-02__ 3,79E-03__ 846E+05__1,00E+06___100E+06

1,62E-03__ 2,02E-04__ 0,00E+00__ 6,10E-02__ 1,72E-02__ 2,69E+03__ 1,00E+06__ 9,01E+05

18 2,07%  5,19E+04 2, 12E+08__ 2,37E+07 _ 7,84E-07 _ 1,06E-03__ 1,31E-04  0,00E+00 _ 3,19E-02__ 7,60E-03__ 1,81E+04 _ 100E+06__ 9,87E+05

22 3,11% AGTE+04  136E+08_ 1,58E+07  343E-07_ 6,79E-04  8,55E-05  0,00E+00__ 1,75E-02_ 4,06E-03__ 9,18E+04 _ 1,00E+06__ 9,99E+05

22 145_254% _ 646E+04 _ 279E+08__ 3,56E+07__ 5A0E-07 _ 1,40E-03__ 2, 14E-04__ 0,00E+00__ 6,10E-02__ 1,553E-02__ 7,30E+03__1,00E+06__ 9,70E+05

23 18 -0,90%  2,66E+04 2 13E+08__ 2,56E+07 _ 6,70E-07 _ 107E-03__ 1,35E-04  0,00E+00__ 321E-02__ 7,69E-03__ 1,77E+04 _ 100E+06__ 9,71E+05

24 22 -497%  406E+04  144E+08  1,61E+07  551E-07  721E-04 875E-05_ 0,00E+00  1,76E-02_ 433E-03 _ 7,38E+04  1,00E+06__ 9,99E+05

25 145 -022%  7,92E+04 _ 187E+08__ 3,39E+07__ 920E-07__ 9,38E-04__ 1,91E-04__ 0,00E+00__ 6,08E-02__ 1,39E-02__ 2,83E+04 _ 1,00E+06__ 9,83E+05

26 18__-0,22% _ 7,92E+04 _ 187E+08__ 3,39E+07__ 920E-07 _ 9,38E-04__ 1,91E-04__ 0,00E+00__ 6,08E-02__ 1,39E-02__ 2,83E+04 _ 1,00E+06__ 9,83E+05

27

22 381% 483E+04  841E+07_ 146E+07__ 577E-07__ 421E-04_ 8,06E-05__ 0,00E+00__ 1,75E-02_ 5,00E-03__ 920E+05__ 1,00E+06__ 1,00E+06

28 145 4,66%  925B+04 _ 1,86E+08__ 3,51E+07__ 1,92E-06__ 929E-04 _ 208E-04 _ 0,00E+00__ 6,02E-02__121E-02__ 2,93E+04 _ 1,00E+06__ 9.87E+05

29

30

18 412%  430E+04__ 124E+08__ 2,11E+07__ 8,74B-07__ 6,19E-04__ 1,16E-04 _ 0,00E+00 _ 3,17B-02__ 8,14E-03__ 129E+05__ 1,00E+06__ 9,98E+05

22 094%  3,79E+04 _ 867E+07 _ 1,71E+07__ 514E-07  434E-04  922E-05  0,00E+00_ 1,74E-02  3,52E-03__ 7,70E+05 _ 1,00E+06  1,00E+06

31 14,5 143%  452E+04  3,12E+08__ 336E+07 _ 8,23E-07__ 156E-03__ 2,12E-04  0,00E+00__ 6,05E-02  1,91E-02__ 4,74E+03__ 1,00E+06__ 9,69E+05

32

33

18 -098%__ 5,15E+04__ 2,09E+08__ 2.64E+07__ 7,28E-07__ 1,05E-03__ 141E-04 _ 0,00E+00 _ 3,16E-02__ 8,69E-03__ 1,88E+04 _ 1,00E+06__ 9,58E+05

22 1,09%  4,63E+04  134E+08  1,52E+07__ 625E-07  6,73E-04__ 923E-05 _ 0,00E+00__ 1,72E-02  4,89E-03__ 9,52E+04 _ 1,00E+06 _ 9,99E+05

34 145 -031%  4.82E+04  320E+08_ 3.46E+07 _ 591E-07 _ 1,60E-03__ 1,93E-04  0,00E+00 _ 607E-02_ 1,61E-02__ 4,76E+03__ 1,00E+06__ 9,64E+05

35

36

18 1,16%  4,01E+04 2, 12B+08__ 2,69E+07 _ 548E-07 _ 1,06E-03__ 1,43E-04 _ 0,00E+00 _ 3,17E-02__ 7,82E-03__ 1,82E+04 _ 1,00E+06__ 9,61E+05

22 1,70% _ 6,61E+04_ 144E+08_ 1,68E+07 _ 566E-07_ 7,22E-04  928E-05  0,00E+00__ 1,74E-02__ 439E-03__ 735E+04__ 1,00E+06__ 9,98E+05
40
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37 145 235%  645E+04  190E+08  348E+07  7,97E-07  950E-04 190E-04 0,00E+00  6,16E-02  130E-02  2,68E+04  1,00E+06__ 9,75E+05
38 18 3,10%__ 5.97E+04__ 123E+08__ 2,14E+07__ 8,07E-07__ 6,16E-04 _ 1,14E-04__ 0,00E+00__ 323E-02__ 748E-03__ 131E+05__ 1,00E+06__ 9,98E+05
39 22 -1,18%_ 6,01E+04 _ 840E+07__ 1,59E+07 _ 528E-07 _ 420E-04__ 854E-05__ 0,00E+00__ 1,77E-02__ 3,32E-03__ 9,24E+05__ 1,00E+06__ 1,00E+06
40 145 491%  664E+04  182E+08 3 45E+07  9,35E-07_ 9,10E-04  2,04E-04 0,00E+00  6,05E-02  139E-02  3,15E+04  1,00E+06__ 9,84E+05
41 18__-0,03%__ 6,01E+04 _ 123E+08__ 2,03E+07__ 7,09E-07__ 6,13E-04__ 1,12E-04__ 0,00E+00__ 320E-02__ 829E-03__ 1,33E+05__ 1,00E+06__ 9,98E+05
42 22 -232%  295E+04  8,60E+07__ 1,54E+07__ 3,03E-07__ 430E-04 _ 8,14E-05__ 0,00E+00__ 1,76E-02__ 4,09E-03__ 8,11E+05__ 1,00E+06__ 1,00E+06
43 145 048% 693E+04  3,16E+08  377E+07__ 6,55E-07__ 1,58E-03_ 2,18E-04  0,00E+00 _ 6,08E-02  143E-02  494E+03__ 1,00E+06__ 9,55E+05
44 18 139%  3,04E+04  207E+08  249E+07 _ 491E-07__ 1,03E-03_ 132E-04 000E+00  3,19E-02  724E-03  197E+04  100E+06__ 9,75E+05
45 22 1,13%__ 4,68E+04 _ 140E+08__ 1,71E+07__ 564E-07__ 7,00E-04 _ 9.44E-05 _ 0,00E+00__ 1,74E-02__ 3,69E-03 _ 823E+04 _ 1,00E+06__ 9,98E+05
46 145 418% 831E+04  3,04E+08 3 A47E+07__ 7,74B-07_ 1,53E-03__ 2,10E-04  0,00E+00 _ 6,09E-02  1,57E-02  557E+03__ 1,00E+06__ 9,73E+05
47 18 -0,05%_ 823E+04 208E+08  264E+07_ 548E-07  104E-03  145E-04  0,00E+00  320E-02  6,03E-03__ 192E+04  1,00E+06__ 9,81E+05
48 22 051%__ 449E+04 1 ASE+08__ 1,77E+07__ 5,79E-07__ 7,27E-04 _ 9.32E-05 _ 0,00E+00__ 1,76E-02__ 3.48E-03__ 7,15E+04__ 1,00E+06__ 9,97E+05
49 145 123% _ 4,10E+04__ 1,87E+08__ 334E+07__ 7,88E-07__ 9,36E-04 _ 1,76E-04__ 0,00E+00__ 6,10E-02__ 1,36E-02__2,83E+04__ 1,00E+06__ 9,69E+05
50 18 1,56%  4,63E+04  122E+08_ 2,19E+07  6,14E-07 _ 6,12E-04__ 1,16E-04__ 0,00E+00_ 3,19E-02_ 7,33E-03__ 1,34E+05  100E+06__ 9,98E+05
5122 435%  474E+04_ 8.62E+07__ 1,36E+07__ 7,61E-07__ 431E-04__ 7,29B-05__ 0,00E+00__ 1,74E-02__ 4,86E-03__ 7,98E+05__ 1,00E+06__ 1,00E+06

52 14,5 0,10% _ 4,09E+04 _ 1,92E+08__ 3.38E+07__ 5,14E-07__ 9,58E-04__ 1,83E-04__ 0,00E+00__ 6,06E-02__ 1,64E-02__ 2,60E+04__ 1,00E+06__ 9,52E+05

53 18 045%  391E+04  113E+08_ 241E+07  526E-07  563E-04  124E-04  0,00E+00_ 2,70E-02_ 533E-03__ 1,81E+05  100E+06__ 9,98E+05
5422 -0,79% 323E+04__ 841E+07__ 1,50E+07__ 3,34E-07__ 421E-04__ 7,89E-05__ 0,00E+00__ 1,74E-02__ 4,24E-03__ 9,19E+05__ 1,00E+06__1,00E+06
55 14,5 2,99%  5A43E+04__ 3,01E+08__ 4,04B+07__ 7,81E-07__ 1,51E-03__ 2,17E-04__ 0,00E+00__ 6,03E-02__ 149E-02__ 5,75E+03__ 1,00E+06__ 9,24E+05
56 18 -390% 402E+04  174E+08_ 2,18E+07 _ 6,08E-07_ 8,71E-04  1,14E-04  0,00E+00_ 2,68E-02_ 6,68E-03  3,69E+04  1,00E+06_ 9,85E+05
57 22 -096%  2,06E+04  136E+08_ 1,73E+07__ 571E-07__ 6,79E-04 _ 9,63E-05__ 0,00E+00__ 1,73E-02_ 3,83E-03__ 9,17E+04 _ 1,00E+06__ 9,99E+05
58 14,5 -124% _ 7,78E+04__ 2,74E+08__ 3,50E+07__ 8,28E-07__ 1,37E-03__ 2,17E-04__ 0,00E+00__ 6,02E-02__ 1,49E-02__7,71E+03__ 1,00E+06__ 9,77E+05
59 18 0,80%  4,16E+04  182E+08_ 236E+07  820E-07  9,10E-04 _ 1,33E-04__ 0,00E+00__ 2,68E-02  597E-03__ 3,14E+04  100E+06__ 9,90E+05
60 22 347%  421E+04  132E+08_ 1,87E+07_ 3,22E-07  6,58E-04  100E-04  0,00E+00  1,74E-02 _ 3,70E-03__ 1,03E+05_ 1,00E+06__ 9,97E+05

61145 -0,38% _ 7,72E+04 _ 206E+08__ 3,22E+07 _ 122E-06__ 1,03B-03__ 2,00E-04__ 0,00E+00 _ 622E-02__ 1,86E-02__ 1,99E+04 _ 1,00E+06__ 9,80E+05

62 18 -3,67%  5,15E+04 _ 135E+08__ 2,36E+07__ 3.87E-07__ 6,75E-04__ 1,30E-04__ 0,00E+00__ 328E-02__ 6,51E-03__ 9,46E+04 _ 1,00E+06__ 9,98E+05
63 22 334%  406E+04  921E+07 _ 1,53E+07__ 5,13E-07  4,62E-04  860E-05__ 0,00E+00  1,80E-02  3.83E-03_ 544E+05  1,00E+06__ 1,00E+06
64 145 -0,37% _ 8,30E+04__ 2,17E+08__ 3,39E+07__ 1,58E-06__ 1,08E-03__ 1,90E-04 _ 0,00E+00 _ 6,19E-02__ 148E-02__ 1,68E+04 _ 1,00E+06__ 9,74E+05
65 18 1,87%__ 718E+04__ 135E+08__ 226E+07__ 6,47E-07__ G6,74E-04 _ 134E-04 _ 0,00E+00__ 323E-02__ 7,00E-03__9,48E+04 _ 1,00E+06__ 9,98E+05
66 22 2.61%  223E+04_ 9A4IE+07__ 143E+07__ 4,69E-07  4,70E-04 _ 7,79E-05__ 0,00E+00 _ 1,78E-02 _ 437E-03__ 4,83E+05__ 1,00E+06__1,00E+06
67 145 496%  3,185+04  2,08E+08_ 2,32E+07__ 437E-07 _ 1,04E-03__ 146E-04 _ 0,00E+00  3.85E-02  1,12E-02__ 1,93E+04 _ 1,00E+06__ 9,89E+05
68 18 -3,96% _ 5,50E+04 _ 230E+08__ 2,47E+07 _ 537E-07__ 1,15E-03__ 1,36E-04__ 0,00E+00__ 322E-02__ 8,01E-03__ 1,36E+04 _ 100E+06__ 9,80E+05
69 22 -431%  377E+04 _ 1,57E+08_ 1,90E+07 _ 7,13E-07 _ 7,86E-04__ 106E-04  0,00E+00_ 1,77E-02__ 3,52E-03__ 5,37E+04 _ 100E+06__ 9,95E+05
70 145 2,18%  4,15E+04 3 49E+08__ 4,30E+07 _ G,08E-07 _ 1,74E-03__ 2,33E-04__ 0,00E+00__ 621E-02__ 1,57E-02__ 3,66E+03__ 100E+06__ 9,09E+05
7118 4,52%__ 536E+04__ 2,00E+08__ 229B+07__ 7,31E-07__ 1,01E-03__ 127E-04 _ 0,00E+00__ 324E-02__ 835E-03__ 220B+04 _ 1,00E+06__ 9,92E+05

7222 479% _ 432E+04__ 1,62E+08__ 1,56B+07__ 5,17E-07__ 8,11E-04 _ 8.82E-05__ 0,00E+00__ 1,78E-02__428E-03__ 4,80B+04 _ 1,00E+06__ 9,99E+05
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